Objectives: The present study aimed to assess the risk of cancer due to benzene in the ambient air of gas stations and traffic zones in the north of Tehran. The cancer risk was estimated using the population distribution data for benzene levels and the unit risk for benzene proposed by the United States Environmental Protection Agency (US EPA). Material and Methods: Sixteen sampling locations were monitored, once every week, during 5 April 2010 to 25 March 2011.
INTRODUCTION
Benzene is commonly found in the environment. People living in cities or industrial areas are generally exposed to higher levels of benzene in air than those living in rural areas [1] . Benzene is an aromatic volatile organic compound characterized by the United States Environmental Protection Agency (US EPA) as a "known" human carcinogen for all routes of exposure based upon convincing human evidence, as well as supporting data from animal studies [2] [3] [4] and is classified by the International Association on the Risks of Cancer as a class 1 carcinogen [5, 6] . Benzene plays a role in the formation of ozone [7] , which causes a variety of respiratory effects [8] . The vehicles exhaust has been known as the main source of benzene in the air, followed by gasoline evaporation, emissions from the use of solvents and paintings, leakage of natural gas, and as an additive to unleaded gasoline [1, 9] . Nowadays, benzene content in gasoline varies from less than 1% to 5%, depending on the fuel quality, legislations and the season. In Japan, the ambient air quality standard for benzene is set to 0.85 ppb, and its content in gasoline is regulated to be < 0.5 wt% [10] . Exposure to benzene can result in a number of critical health effects. At high concentrations, there are instant acute effects and long-term exposure to relatively low concentrations leads to chronic effects. Short exposure (5-10 min) to very high levels of benzene in air (10 000-20 000 ppm) can result in death. Lower levels (700-3000 ppm) can cause drowsiness, dizziness, tachycardia, headaches, tremors and loss of consciousness [7] . Multiple studies have shown that it is biologically plausible for benzene to cause human lymphatic tumors [11, 12] .
CANCER RISK DUE TO BENZENE IN TEHRAN O R I G I N A L P A P E R S
IJOMEH 2013;26(5) 771 of 22 zones and 26 neighborhoods. District 1 area with and without considering its vicinity is 64 km 2 and 210 km 2 , respectively. Its southern borders are 'Chamran' highway, 'Modares-Babayi' highway. The 'Sadr' highway located near the southern and western border lines of district 1, has a considerable traffic volume. The 'Chamran' highway in the east is similar in that respect. High traffic volumes along with densely populated areas are the main characteristics of this area with inhabitants of around 445 000. The present study aimed to assess the risk of cancer due to benzene in the ambient air of gas stations and traffic zones in the north of Tehran (District 1). Sixteen sampling locations were monitored, during 2.00-5.00 p.m., once every week, between 5 April, 2010 and 25 March, 2011. The sampling locations are shown in Figure 1 . The selected locations in this study were quite close to the gas stations and had a considerable traffic volume. These locations were situated 1 to 5 m away from the main roads. It should be mentioned that the 'Chamran-Velenjak' station was located 15 m away from the gas station 148, and 'Chamran' highway in the south is 5 m away from this station. 'Movahead' station located in the far north had the least traffic volume among the stations of this group, while 'Velenjak' station had the poorest conditions. All of the traffic zones witnessed frequent traffic jams during peak hours, average vehicular speed of 15-25 km/h as well as long queues of vehicles at traffic lights. In traffic zones, vehicles had to wait at least 2 min. The traffic of heavy-duty vehicles, passenger cars and buses was quite high in this location. At the outside gas station, monitoring was carried out close to the gasoline pumps where cars halted for filling fuel. Increased traffics were observed at these locations, and they were about 10 m away from the busy roads. All of the four gasoline pumps had heavy traffic inflow. Additional hourly meteorological data on temperature, pressure, wind speed, wind direction, visibility, cloud cover and type of precipitation were collected from ' Aghdasieh' weather station in the north of Tehran.
Benzene-induced mutation and DNA damage have been demonstrated by some studies [13] [14] [15] . Meanwhile, benzene is a known carcinogen causing leukemia [6, 16] . Workers involved in the transport of crude oil and gasoline and in the dispensing of gasoline at service stations, as well as taxi drivers and other people employed at workplaces with exposure to exhaust gases from motor vehicles also experience exposure to benzene [17] . The level for benzene set by Iran's Department of Environment in 2010 is 1.56 ppb [18] . The most recent data indicates that approximately 7.5 million vehicles are located in Tehran (33%) while the city has about 10% of Iran's total population, and the vehicles have been responsible for a major volatile organic compound pollution problem in Tehran [19] . Some studies have shown that traffic flow varied between 500 and 2500 vehicles/h and 54 hydrocarbons were identified in the ambient air, and the average measured concentration of benzene was 39.87 ppb [20] . Emissions of pollutants in south Tehran exceeded those in north Tehran, and the emissions during the evenings were higher than those during the mornings [21] . Despite the regulations established, cancer risk assessment has not been investigated because of the lack of data for benzene levels for the entire population living in Tehran. In this study, the possibility of the application of Geographic Information System (GIS) to monitor cancer risk was analysed, and the cancer risk was estimated using the population distribution data for benzene levels and the unit risk for benzene proposed by the US EPA. Lastly, collecting benzene concentration data, personal exposure was estimated in GIS. It is noteworthy this is the first time that such an extensive study on benzene has been carried out in Tehran.
MATERIALS AND METHODS

Case study
Tehran is divided into 22 districts, and district 1 is located in one of the northern parts of the city and surrounded by the traffic corridor. The municipality of district 1 consists
